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(54) OPTICAL ELEMENT AND ITS MANUFACTURING METHOD AS WELL AS OPTICAL SCANNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable an optical element for an 
optical scanner for reducing an image surface curved surface 
generated by shifting of focus on an image surface to be 
manufactured in a short time at a low cost. 
SOLUTION: A method for manufacturing the optical element 
comprises a step of measuring a shift of focus each of a plurality of 
image heights in an optical axis direction on the image surface by 
mounting the injection molded optical element in the optical 
scanner equivalent to that at its using time, a lens height 
calculating step of obtaining a position on a specific optical 
functional surface corresponding to each of the plurality of the 
image heights, a step of calculating a sensitivity of a proportional 
coefficient of the shift of focus to a partial curvature of the 
specific optical functional surface corresponding to each of the 
plurality of the image heights, a step of obtaining the partial 
curvature at the specific optical functional surface according to the 
defocusing amount and the sensitivity, a correcting shape 
calculating step of outputting the correcting shape of the optical 
functional surface as a coefficient of a functional model or map 
date based on the lens heights and the partial curvature, a step of correcting the shape of a specular 
partition corresponding to the specific optical functional surface of a mold for molding according to the 
correcting shape, and a step of molding the corrected specular partition. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of the optical element which creates with shaping the optical element 
used by light-scanning optical system The amount measurement process of focal gaps which attaches the optical 
element by which injection molding was carried out in light-scanning equipment equivalent to the time of use, 
and measures the amount of focal gaps of the direction of an optical axis in two or more image quantities in the 
image surface, The lens height calculation process of asking for the location on the specific optical functional 
side corresponding to two or more image quantities, The sensibility calculation process which computes the 
sensibility which is the partial curvature of a specific optical functional side and the proportionality coefficient 
of the amount of focal gaps corresponding to two or more image quantities, The above-mentioned amount of 
focal gaps, and the partial curvature calculation process of asking for the partial curvature in respect of a 
specific optical function from the above-mentioned sensibility, The above-mentioned lens height and the 
amendment configuration calculation process which outputs the amendment configuration of an optical 
functional side as the multiplier or map data of a function model based on partial curvature, The manufacture 
approach of the optical element characterized by consisting of an amendment processing process which carries 
out amendment processing of the configuration of the mirror plane piece corresponding to the specific optical 
functional side of a molding die according to the above-mentioned amendment configuration, and a forming 
cycle which fabricates by the mirror plane piece by which amendment processing was carried out. 
[Claim 2] The manufacture approach of the optical element according to claim 1 which carries out the 
description of performing the above-mentioned focal gap measurement process using the optical element which 
consists of the above-mentioned forming cycle, and performing from the above-mentioned lens height 
calculation process to a forming cycle repeatedly when this does not fulfill the target. 

[Claim 3] The lens height whose above-mentioned lens height calculation process is the location of the main 
scanning direction which intersects the optical functional side of specification [ a chief ray ] by two or more 
deflection angles by optical simulation beforehand, The manufacture approach of the optical element of claim 1 
characterized by asking for the image quantity which is the location of the main scanning direction which 
intersects the image surface, approximating this distribution to models, such as a polynomial, memorizing that 
multiplier, and computing the lens height corresponding to the image quantity which is an input by solving a 
polynomial, or claim 2. 

[Claim 4] The above-mentioned sensibility calculation process makes a configuration error superimpose only 
on a specific optical functional side by optical simulation beforehand. By two or more deflection angles Image 
quantity, It asks for the amount of focal gaps of the direction of an optical axis, and the partial curvature of the 
flux of light passage part in a specific optical functional side. Do the division of the amount of focal gaps with 
partial curvature, and it asks for the sensibility of the amount of focal gaps per unit curvature. The manufacture 
approach of the optical element of claim 1 characterized by approximating distribution of image quantity and 
sensibility to function models, such as a polynomial, memorizing the multiplier, and computing the sensibility 
corresponding to the image quantity which is an input by solving a function model thru/or claim 3. 
[Claim 5] The above-mentioned amendment configuration calculation process approximates distribution of lens 
height and the partial curvature of the direction of vertical scanning to a function model. Memorize the 
multiplier and it asks for partial curvature by solving a function model from the location of the main scanning 
direction in two or more points of an optical functional side. The manufacture approach of the optical element 
of claim 1 characterized by consisting of a configuration calculation process of finding height by solving the 
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formula of the radii function which has the above-mentioned partial curvature from the location of the direction 
of vertical scanning thru/or claim 4. 

[Claim 6] The above-mentioned amendment configuration calculation process is distribution of lens height and 

C s =YC si x' 

the partial curvature of vertical scanning. 1=0 

Resemble the becoming polynomial and use this multiplier Csi. /=0 

The manufacture approach of the optical element of claim 1 characterized by computing the amendment 
configuration in the point of arbitration by solving the becoming formula thru/or claim 4. 
[Claim 7] the manufacture approach of the optical element of claim 1 characterize by for the above-mentioned 
amendment configuration calculation process to consist of a modeling process which resemble a function model 
to distribution of lens height and the partial curvature of a main scanning direction , integrate with a function 
model twice , and memorize the multiplier , and a configuration calculation process of find height by solve a 
function model from the location of the main scanning direction in two or more points of an optical functional 
side thru/or claim 6 . 

[Claim 8] A numerical-integration process [ as opposed to / the above-mentioned amendment configuration 
calculation process performs numerical integration twice to distribution of lens height and the partial curvature 
of a main scanning direction, and / distribution of lens height and height ], The manufacture approach of the 
optical element of claim 1 characterized by consisting of a modeling process which approximates this to a 
function model and memorizes the multiplier, and a configuration calculation process of finding height by 
solving a function model from the location of the main scanning direction in two or more points of an optical 
functional side thru/or claim 6. 

[Claim 9] The optical element characterized by being created by the manufacture approach of the optical 
element for light-scanning equipments of claim 1 thru/or claim 8. 

[Claim 10] The optical element of claim 9 which at least one optical functional side is an abbreviation flat 
surface, and is characterized by making this field into the above-mentioned specific optical functional side. 
[Claim 11] Light-scanning equipment characterized by using the optical element of claim 9 and claim 10. 
[Claim 12] Are the program which creates NC data for processing the mirror plane piece corresponding to the 
optical functional side of the metal mold for plastics injection molding with a NC machining machine, and the 
measurement result of the amount of focal gaps in two or more image quantities which can be set to the image 
surface of light-scanning equipment is used as input data. A lens height calculation means to compute the lens 
height of the specific optical functional side corresponding to the image quantity of arbitration, A lens height 
calculation means to compute the sensibility which is the partial curvature of a specific optical functional side 
and the proportionality coefficient of the amount of focal gaps corresponding to the image quantity of 
arbitration, NC creation program characterized by consisting of the amount of focal gaps, a partial curvature 
calculation means to compute partial curvature from sensibility, and lens height and an amendment 
configuration calculation means to compute NC data for amendment processing of a specific mirror plane piece 
from distribution of partial curvature. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is used for evaluation of the optical element in the equipment of digital 
KOPIA or a laser beam printer write-in [ optical ] about an optical element, its manufacture approach, 
especially the optical element for light-scanning equipments, and is effective. 
[0002] 

[Description of the Prior Art] The light-scanning equipment using a laser light source and a polyhedron mirror 
is used for digital KOPIA or a laser beam printer. An example of light-scanning equipment is shown in drawin g 
2 R> 2. The flux of light which carried out outgoing radiation from the light sources 1, such as semiconductor 
laser, penetrates a collimator lens 2, turns into the parallel flux of light, penetrates the cylinder side lens 3, and 
is condensed by the line on the reflector of the polyhedron mirror 4. The flux of light which responded to 
rotation of a polyhedron mirror, and was reflected and deflected condenses on the photo conductor front face 
which penetrated the scan optical system 5 and was installed in the image surface 6. Here, the location of a main 
scanning direction [ in / for the location of a main scanning direction / in / for the direction which intersects 
perpendicularly the direction which deflects the flux of light in a polyhedron mirror in a main scanning 
direction, a main scanning direction, and the direction of an optical axis / the direction of vertical scanning and 
each optical functional side / lens height and the image surface ] is described to be image quantity. In order to 
meet the demand of high-definition-izing in recent years, and the demand of wanting to reduce the number of 
the optical elements of scan optical system for low-cost-izing, the curved surface where a degree of freedom is 
high has come to be used for the configuration of the optical functional side of the optical element of scan 
optical system. A special toric side where curvature especially changes the aspheric surface with main scanning 
directions in the direction of vertical scanning in a main scanning direction has been used more often. The 
example is shown below. 

*(x>y) = — i — = + EEvV 
i+Vi-(i+wV 

Here, for the coordinate of the direction of vertical scanning, and z, the coordinate of the direction of an optical 
axis and c are [ the coordinate and y whose x is a main scanning direction / a cone constant and eji of the 
curvature of a main scanning direction and k ] the multipliers of a polynomial. By utilization of an ultraprecise 
free sculptured surface processing machine, the field where such a degree of freedom is high can be adopted 
now as an optical functional side. 

[0003] In the direction of vertical scanning, it is carrying out flat [ of the scope of each optical functional side of 
scan optical system ] to the main scanning direction 1 0mm order to being in hundreds of mm from dozens of 
mm. When creating such an optical element with plastics injection molding etc., the deflection (this is called a 
"configuration error" below) from a design value occurs under the effect of uneven contraction of resin etc. In 
creating the mirror plane piece for injection molding from the design configuration of an optical functional side, 
since it was about 0.7% in general, contraction of resin had processed the configuration which carried out 
similarity expansion with contraction searched for conventionally theoretically or experientially. However, 
hundreds of mm and the configuration error of the optical functional side by nonlinear contraction of resin since 
it is large are set to several micrometers to dozens of micrometers, this is large for the engine performance of 
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optical system, and an optical functional side influences. 

[0004] As one of the approaches of making the configuration error of mold goods small, the configuration of 
mold goods is measured as indicated by JP,5-96572,A and JP,7-60857,A, a configuration error is searched for, 
and there is the approach of amending the mirror plane piece of a die so that this may be offset. However, now, 
it is necessary to amend the mirror plane piece corresponding to all optical functional sides until a configuration 
error becomes sufficiently small. 

[0005] Moreover, there is a problem (bibliography: JP, 10-288749, A, JP,1 1-77842,A) of refractive-index 
distribution as a description of the lens created with plastics injection molding. Uneven distribution of the 
refractive index in resin induces the lens effectiveness, this is the phenomenon of changing the focal location of 
optical system, in order to avoid this, needs to devise to a design or needs to establish the process for decreasing 
refractive-index distribution after shaping. Moreover, unless this is made to 0, even if it creates all optical 
elements in the configuration as a design value, as light-scanning equipment, degradation of optical-character 
ability will be produced by the curvature of field by gap of a focal location. 

[0006] Although it is necessary to make the f number of optical system small since the diameter of a spot carries 
out proportionally [ abbreviation ] at the f number of optical system when making small the diameter of a spot 
in the image surface and creating the scan optical system of the equipment of high density write-in [ optical ] 
especially, it will carry out proportionally [ abbreviation ] and the depth of focus will become narrow at the 
square of the diameter of a spot at coincidence. Therefore, in order to develop the small light-scanning 
equipment of the diameter of a spot, there is the need of making small enough the curvature of field produced 
by the focal gap by the image surface, and this has been a big technical technical problem to implementation of 
the light-scanning equipment of high density. 
[0007] 

[Problem(s) to be Solved] Then, this invention makes it that technical problem to devise that manufacture 
approach and manufacturing installation so that the small optical element for thing light-scanning equipments of 
a curvature of field can be manufactured by the short time and low cost, as the curvature of field produced by 
the focal gap by the image surface can be made small enough. 
[0008] 

[The means provided for technical-problem solution] 

[Solution means 1] (It corresponds to claim 1) The solution means 1 consists of following processes on the 
assumption that the manufacture approach of the optical element which creates with shaping the optical element 
used by light-scanning optical system. The amount measurement process of focal gaps which attaches the 
optical element by which injection molding was carried out in light-scanning equipment equivalent to the time 
of use, and measures the amount of focal gaps of the direction of an optical axis in two or more image quantities 
in the image surface, The lens height calculation process of asking for the location on the specific optical 
functional side corresponding to two or more image quantities, The sensibility calculation process which 
computes the sensibility which is the partial curvature of a specific optical functional side and the 
proportionality coefficient of the amount of focal gaps corresponding to two or more image quantities, The 
above-mentioned amount of focal gaps, and the partial curvature calculation process of asking for the partial 
curvature in respect of a specific optical function from the above-mentioned sensibility, The above-mentioned 
lens height and the amendment configuration calculation process which outputs the amendment configuration of 
an optical functional side as the multiplier or map data of a function model based on partial curvature, Consist 
of an amendment processing process which carries out amendment processing of the configuration of the mirror 
plane piece corresponding to the specific optical functional side of a molding die according to the above- 
mentioned amendment configuration, and a forming cycle which fabricates by the mirror plane piece by which 
amendment processing was carried out. 
[0009] 

[Function] In each lens height of a design configuration, the amount of focal gaps of the direction of an optical 
axis in the image surface carries out proportionally [ outline ] near the design configuration at the partial 
curvature of the configuration error of a lens side. According to the above-mentioned configuration, using a 
parameter called the high partial curvature of this optical property and correlation, since the amendment 
configuration of an optical functional side is computed, the high mirror plane piece amendment of the precision 
on optical-character ability is attained. 
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[0010] 

[Embodiment 1] (It corresponds to claim 2) An embodiment 1 is performing from the above-mentioned lens 
height calculation process to a forming cycle repeatedly, when the above-mentioned focal gap measurement 
process is performed using the optical element which consists of the above-mentioned forming cycle and this 
does not fulfill the target. 

[Function] Shaping of a lens with a high precision is attained by carrying out repeatedly by 1 time of the 

forming cycle, by this, even when the optical-character ability of a lens is not enough. 

[0011] 

[Embodiment 2] The lens height whose embodiment 2 is the location of the main scanning direction where the 
above-mentioned lens height calculation process intersects the optical functional side of specification [ a chief 
ray ] by two or more deflection angles by optical simulation beforehand, (It corresponds to claim 3) It asks for 
the image quantity which is the location of the main scanning direction which intersects the image surface, and 
this distribution is approximated to models, such as a polynomial, that multiplier is memorized, and it is 
computing the lens height corresponding to the image quantity which is an input by solving a polynomial. 
[Function] It is not necessary to perform an optical simulation by this each time, and the lens height 
corresponding to image quantity can be found by 1 time of the optical simulation. 
[0012] 

[Embodiment 3] The above-mentioned sensibility calculation process beforehand an embodiment 3 (It 
corresponds to claim 4) By optical simulation A configuration error is made to superimpose only on a specific 
optical functional side. By two or more deflection angles Image quantity, It asks for the amount of focal gaps of 
the direction of an optical axis, and the partial curvature of the flux of light passage part in a specific optical 
functional side. The division of the amount of focal gaps is done with partial curvature, and it asks for the 
sensibility of the amount of focal gaps per unit curvature, and distribution of image quantity and sensibility is 
approximated to function models, such as a polynomial, the multiplier is memorized, and it is what computes 
the sensibility corresponding to the image quantity which is an input by solving a function model. 
[Function] It is not necessary to perform an optical simulation by this each time, and can ask for the sensibility 
corresponding to image quantity by 1 time of the optical simulation. 
[0013] 

[Embodiment 4] As for an embodiment 4, the above-mentioned amendment configuration calculation process 
approximates distribution of lens height and the partial curvature of the direction of vertical scanning to a 
function model. (It corresponds to claim 5) It is what consists of a configuration calculation process of 
memorizing the multiplier, asking for partial curvature by solving a function model from the location of the 
main scanning direction in two or more points of an optical functional side, and finding height by solving the 
formula of the radii function which has the above-mentioned partial curvature from the location of the direction 
of vertical scanning. 
[0014] 

[Embodiment 5] (It corresponds to claim 6) For an embodiment 5, the above-mentioned amendment 
configuration calculation process is distribution of lens height and the partial curvature of vertical scanning. 



C = V C .x' 

s / j Si 



i=0 

Resemble the becoming polynomial and this multiplier Csi should be. 

z(x,y) = f d ^-x l y 2 

i=0 ^ 

It is what computes the amendment configuration in the point of arbitration by solving the becoming formula. 
[0015] 
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[Embodiment 6] (It corresponds to claim 7) An embodiment 6 is what the above-mentioned amendment 
configuration calculation process becomes from the modeling process which resembles a function model to 
distribution of lens height and the partial curvature of a main scanning direction, integrates with a function 
model twice, and memorizes the multiplier, and the configuration calculation process of find height by solve a 
function model from the location of the main scanning direction in two or more points of an optical functional 
side. 
[0016] 

[Embodiment 7] A numerical-integration process [ as opposed to / as for an embodiment 7, the above- 
mentioned amendment configuration calculation process performs numerical integration twice to distribution of 
lens height and the partial curvature of a main scanning direction, and / distribution of lens height and height ], 
(It corresponds to claim 8) It is what consists of a modeling process which approximates this to a function 
model and memorizes the multiplier, and a configuration calculation process of finding height by solving a 
function model from the location of the main scanning direction in two or more points of an optical functional 
side. 

[Function] An amendment configuration which it becomes unnecessary to carry out a new optical simulation 
and the design of an optical functional side, and offsets the amount of focal gaps of optical equipment by the 
configuration of embodiments 4-7 is computable. Moreover, since the design formula of a toric side is used, in 
amendment configuration calculation, amendment processing can be performed only by changing a part of 
multiplier of a design formula. 
[0017] 

[Solution means 2] (It corresponds to claim 9 and claim 10) The solution means 2 is at least one optical 
functional side's being an abbreviation flat surface, and making this field into the above-mentioned specific 
optical functional side about the optical element created by the manufacture approach of the optical element for 
light- scanning equipments of the solution means 1 (the above-mentioned embodiment 1 thru/or an embodiment 
7 are included). 
[0018] 

[Solution means 3] (It corresponds to claim 11) The solution means 3 is using the optical element of the above- 
mentioned solution means 2 about light-scanning equipment. 
[0019] 

[Solution means 4] (It corresponds to claim 12) the solution means 4 — plastics injection molding — public 
funds — about the program which creates NC data for processing the mirror plane piece corresponding to the 
optical functional side of a mold with a NC machining machine The measurement result of the amount of focal 
gaps in two or more image quantities which can be set to the image surface of light-scanning equipment is used 
as input data. A lens height calculation means to compute the lens height of the specific optical functional side 
corresponding to the image quantity of arbitration, A lens height calculation means to compute the sensibility 
which is the partial curvature of a specific optical functional side and the proportionality coefficient of the 
amount of focal gaps corresponding to the image quantity of arbitration, It is having constituted from an amount 
of focal gaps, a partial curvature calculation means computing partial curvature from sensibility, and lens height 
and an amendment configuration calculation means computing NC data for amendment processing of a specific 
mirror plane piece from distribution of partial curvature. 

[Function] NC data for amendment processing can be created almost automatically from the measurement data 

of the amount of focal gaps by this configuration. 

[0020] 

[The gestalt 1 of operation] (Operation gestalt of invention concerning claim 1) These people have already 
propose "the lens side configuration evaluation approach and configuration evaluation equipment" which can 
presume the amount of focal gaps in the image surface of light scanning equipment with high precision from the 
configuration error of an optical functional side by carry out through partial curvature (application for patent 
No. 132571 [ 2000 to ]). It is shown that it is in abbreviation proportionality when the partial curvature [ in / on 
the optical functional side of arbitration and / in this / the lens height of arbitration ] of a flux of light band pass 
and the amount of focal gaps in the image surface corresponding to it have a small configuration error. By 
moreover, optical simulation By calculating the partial curvature in each lens height, and the image quantity and 
the amount of focal gaps corresponding to it at the time of making a minute configuration error superimpose on 
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an optical functional side By showing that the sensibility which is the proportionality coefficient of the amount 
of focal gaps per [ to each lens height ] unit curvature is computable, solving this about two or more images 
quantity, searching for distribution of lens height and sensibility, resembling a polynomial etc., and memorizing 
title multiplier It is shown that the amount of focal gaps in the image surface can be presumed from the 
configuration measurement result of an optical functional side about the sample of arbitration, moreover, since 
it could consider that the relation of the amount of focal gaps in the configuration error and the image surface of 
each optical functional side was abbreviation independence to the configuration error of other optical functional 
sides, by accumulating the amount of focal gaps by the configuration error of each optical functional side in the 
image surface showed that evaluation of the amount of focal gaps of the whole optical system was realizable. 
Invention concerning this application follows this approach from reverse. That is, the amount of focal gaps in 
each image quantity of light-scanning equipment is surveyed, an amendment configuration which offsets a focal 
gap in a specific optical functional side from this measurement result is generated, and the curvature of field of 
the whole optical system is decreased by carrying out amendment processing of the mirror plane piece 
according to it. Although the flow of this processing is shown in drawing 1 , each process in this processing 
flow is as follows. 

[0021] 1. Create metal mold by the conventional approach to the initial shaping **** beginning, and carry out 
injection-molding processing of the optical element. At this time, a process condition is scrutinized enough and 
packed so that the configuration of mold goods may be stabilized and it can be processed in the same 
configuration. 

[0022] 2. Include measurement, next the optical element of the amount of focal gaps in light-scanning 
equipment, and survey the amount of focal gaps. This fixes a polygon mirror, puts the beam measuring device 
of a laser light source on a direct-acting stage etc., and it performs it by measuring the diameter of a spot of the 
flux of light, making it scan in the direction of an optical axis. The beam measuring device of a laser light 
source measures the beam profile of the flux of light irradiated in the specific field, it is equipment which 
outputs the diameter of a spot of a main scanning direction and the direction of vertical scanning etc., and the 
beam scan of a photon company etc. is marketed. Thereby, distribution of the diameter of a spot of the 
deflection from the image surface in each image quantity, horizontal scanning, and the direction of vertical 
scanning can be found. The amount of focal gaps of each image quantity is calculated by approximating this 
with a secondary function etc. and calculating the minimum value. Thereby, distribution of the amount of focal 
gaps of image quantity, a main scanning direction, and each direction of vertical scanning can be found. 
[0023] 3. Find the lens height corresponding to calculation of lens height, next each image quantity which 
calculated the amount of focal gaps in the specific optical functional side. This searches for distribution of 
image quantity and lens height in optical simulation beforehand, it approximates this to a function, memorizes 
that multiplier, and searches for it by solving this function. 

[0024] 4. Ask for calculation of sensibility, next the sensibility of the partial curvature corresponding to each 
image quantity which calculated the amount of focal gaps in the specific optical functional side. This also 
searches for distribution of the sensibility to the partial curvature of image quantity and each optical functional 
side in optical simulation beforehand. Specifically, processing of the following [ condition / of having given the 
configuration error only to the specific field ] in a deflection angle is performed. Ask for the image quantity 
which is the location where the chief ray of the flux of light intersects the image surface, and it asks for the 
partial curvature chosen by the flux of light approximating the configuration error of the range which passes 
through a specific optical functional side to the spherical surface or a secondary curve. It asks for the diameter 
of a spot of horizontal scanning and each vertical scanning in two or more locations near the image surface. The 
amount of focal gaps obtained by resembling a secondary function etc., respectively and calculating the 
minimum value is calculated. It asks for the sensibility which is the amount of focal gaps per unit partial 
curvature by doing the division of the amount of focal gaps of horizontal scanning and each vertical scanning 
with each partial curvature (refer to the application- for-patent No. 132571 [ 2000 to ] specification for the 
further detail). And each is approximated to a function and the multiplier is memorized. It asks by solving each 
function at the time of actual use. 

[0025] 5. Ask for amendment partial curvature which offsets the amount of focal gaps of the whole optical 
system in respect of a specific optical function from calculation, next above-mentioned sensibility and the 
above-mentioned amount of focal gaps of partial curvature. If this sets dC and the amount of focal gaps to d and 
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sets sensibility to k for partial curvature, dC will be asked for partial curvature by the following formula. 

k 

[0026] 6. Ask the calculation last of an amendment configuration for the amendment configuration of an optical 
functional side from distribution of horizontal scanning, vertical scanning or both lens height, and amendment 
partial curvature. By creating the map data within an optical functional side in quest of the multiplier of the 
model type showing a curved surface, this is outputted in the form which can compute the height in the location 
of arbitration, in order to create NC data. 

[0027] The 1st example of the approach of creating an amendment configuration is shown below. A field where 
the partial curvature of the direction of vertical scanning changes to a main scanning direction is searched for by 
solving the following formulas. 



C, = fix) 

C y 2 



2 2 

y 



Therefore, if partial curvature distribution of the direction of vertical scanning can be approximated to the 
function f (x) Becoming, the amendment configuration of a vertical-scanning configuration can be derived 
directly. As a function, a polynomial, a spline function, etc. are desirable. 

[0028] Next, the 2nd example of the approach of creating an amendment configuration is shown. When this has 
small partial curvature, partial curvature distribution is integrated with and created using the 2 times partial 
differential of partial curvature and a configuration becoming almost the same. It considers as the nxsecondary 
polynomial as shows below the function model of the amendment configuration created this time. 

2 n 
7=0 /=0 

The 2 times partial differential of horizontal scanning and the direction of vertical scanning is as follows about 
this. 

9, '-±£*-0v*V 

/=0 i=2 



& 2 



0=tZ;o-i)e,,*y- ! =2> 2 ,x< 

Cy j=2 1-2 i=0 

Therefore, an amendment configuration can be created by calculating eij from partial curvature distribution of a 
main scanning direction and the direction of vertical scanning. This will be set to each e2i, if the direction of 
vertical scanning approximates distribution of lens height and partial curvature to a polynomial of degree n and 
each multiplier of a polynomial is doubled 0.5. Moreover, a main scanning direction approximates distribution 
of lens height and partial curvature to the n-secondary polynomial, and computes each eOi by integrating with 
this twice. Since the height in the point of arbitration can be found when creating NC data for amendment 
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processing of a mirror plane piece, the amendment configuration in a specific optical functional side which 
offsets the configuration error of the whole optical system can be found. 

[0029] Next, the 3rd example of the approach of creating an amendment configuration is shown. Especially this 
is a means to compute an amendment configuration from distribution of the partial curvature of a main scanning 
direction. First, numerical integration of the distribution of lens height and partial curvature is carried out twice. 
Thereby, distribution of lens height and an amendment configuration is searched for. This is approximated to a 
suitable function model. By carrying out like this, the function model of arbitration other than the polynomial 
model in design formulas, such as a spline function and a trigonometric function, can be used. 
[0030] Here, since an amendment configuration is created using an integral, the effect of the measurement error 
of a focal distance etc. will be accumulated in many cases. Therefore, when the magnitude of the whole 
amendment configuration becomes large too much, it is good to correct the small multiplier of a low degree of 
effect in partial curvature, and to make it the absolute value of an amendment configuration become small. 
[0031] 7. Create the mirror plane piece of metal mold based on the configuration of a new optical functional 
side where the amendment configuration drawn by the approach beyond amendment processing was made to 
superimpose on a design configuration. When using free sculptured surface processing machines into which a 
configuration is processed absolutely, such as cutting and grinding, after making an amendment configuration 
superimpose on a design configuration, by the conventional approach, NC data for processing of a mirror plane 
piece are created, and it is processed based on this. By polish processing, it is processed by reversing 
positive/negative of similarity deformation and the height direction for an amendment configuration as it is, and 
creating NC data with the processing machine which can specify the relative amounts of removal, such as an 
approach which a front face is made to scan. 

[0032] 8. Perform injection molding at this shaping last by the same process condition as the above-mentioned 
initial shaping. Although all optical functional sides have deflection from the design configuration by this, when 
carried in light-scanning equipment, the amount of focal gaps is set to about 0 except for a dispersion 
component. 
[0033] 

[The operation gestalt of the embodiment 1 of the solution means 1 ] This operation gestalt is an operation 
gestalt of invention concerning claim 2. Even if it develops an optical element at the above-mentioned process, 
at once, the amount of focal gaps is not completely set to 0 for the measurement error of the amount of focal 
gaps, the processing error of a mirror plane piece, and the error by shaping. Here, the above-mentioned amount 
measurement process of focal gaps is performed using the created optical element, and it evaluates whether the 
target engine performance as light-scanning equipment is filled. Here, when the engine performance does not 
fulfill the target, the engine performance needed can be filled by carrying out by repeating the manufacture 
approach of the multiple-times above-mentioned until it fulfills a target. 
[0034] 

[The operation gestalt of the solution means 2] This operation gestalt is an operation gestalt of invention 
concerning claim 9 and claim 10. although it is the selection approach of "a specific optical functional side" — 
this — horizontal scanning and each vertical scanning — it is good to choose the field where sensibility is low on 
the whole. Since an amendment configuration becomes large, the field where sensibility is low is because it 
becomes small absolutely influencing the processing equipment of a mirror plane piece of precision. Usually, 
since the optical functional side where sensibility is small does not have horizontal scanning and vertical 
scanning in scan optical system in many cases, it is good to change the field amended by horizontal scanning 
and vertical scanning in that case, and to correct 2nd [ a total of] page. Moreover, it is good to amend only by 
amendment of one mirror plane piece to make the 1 st [ at least ] page into a flat surface within scan optical 
system. Especially the parallel plate is added and designed and the optical element is created with injection 
molding. It is good for this to set horizontal scanning and vertical scanning in the location near the image 
surface in order for sensibility not to become large. And an amendment configuration is created using this flat 
surface, and amendment processing of this mirror plane piece is carried out. Compared with carrying out 
amendment processing of the optical functional side which is a curved surface from the first, it is easy to 
process it to process the amendment configuration of several micrometers to dozens of micrometers to a flat 
surface, and it can also process precision highly. Moreover, a high precision free sculptured surface processing 
machine is a very expensive machine tool with the large processing stroke of the height direction, can be boiled 
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without using this and can overly use the small processing machine of a processing stroke more. Thereby, the 
amount of focal gaps of light-scanning equipment can be amended more to high degree of accuracy about one 
optical functional side only by correction of the mirror plane piece which is an abbreviation flat surface. 
[0035] 

[The operation gestalt of the solution means 4] This operation gestalt is an operation gestalt of invention 
concerning claim 12. Here, calculation to all calculation of an amendment configuration of the above-mentioned 
lens height can be realized as software, such as PC. Therefore, a series of processings can be performed one by 
one by the ability considering the measurement result of the amount of focal gaps as an input, and the software 
which outputs NC data for amendment processing can be created. 
[0036] 

[Effect of the Invention] It will be as follows if an effect of the invention is arranged for every invention 
concerning the main claims. 

1 . The light-scanning equipment created by the plastics optical element created using the approach of effect-of- 
the-invention this invention concerning claim 1 can set the amounts of focal gaps other than dispersion to about 
0, and makes it possible to offer the light-scanning equipment of high performance. Moreover, since the effect 
of refractive-index distribution will also be amended to coincidence in order to perform amendment processing 
based on the actual measurement of the amount of focal gaps of light-scanning equipment, though refractive- 
index distribution remains to the optical element, the engine performance of light-scanning equipment is not 
affected. Moreover, since this can be amended using the optical functional side which surveys the amount of 
focal gaps and has allowances in process tolerance even if there is a case so that the precision prescribe of the 
configuration of the specific optical functional side of optical system may exceed process tolerance, 
manufacture of the optical element for light-scanning equipments especially with a small beam diameter is 
possible, and it is effective on industry. Moreover, since a comprehensive precision of the lens itself is 
evaluated and a mirror plane piece is amended, even if it may not go into tolerance in respect of being 
independent, amendment processing stored in tolerance in a comprehensive precision is attained, and lens 
shaping with a high precision is attained. 

[0037] 2. By using the approach of effect-of-the-invention this invention concerning claim 2, it becomes 
possible to manufacture the optical element for light-scanning equipments which fully fills the target engine 
performance. 

[0038] 3. By using the approach of effect-of-the-invention this invention concerning claim 3, the need of 
performing optical simulation each time is lost, and processing in a short time is attained more. 
[0039] 4. the effect of the invention concerning claim 5 ~ this enables it to create the configuration of an optical 
functional side which offsets the amount of focal gaps of optical equipment, even if it newly carries out neither 
optical simulation nor the design of an optical functional side. 

[0040] 5. The same effectiveness as invention concerning effect-of-the-invention claim 5 concerning claim 6 is 
produced, and since this is a part of design formula of the above-mentioned special toric side, on the occasion of 
calculation of an amendment configuration, and creation of NC data, it can perform amendment processing only 
by changing a part of multiplier of a design formula, and can create NC data for a short period of time. 
[0041] 6. Even if it does not use the super-high-degree-of-accuracy free sculptured surface processing machine 
which produces the same effectiveness as invention concerning effect-of-the-invention claim 1 concerning 
claim 10, and has still more sufficient operating range, amendment of a curvature of field can be attained and 
the processing cost of a mirror plane piece can be reduced. 

[0042] 7. By effect-of-the-invention this invention concerning claim 12, from the measurement data of the 
amount of focal gaps, since NC data for amendment processing can be created almost automatically, a 
designer's artificial mistake etc. can be decreased and amendment can be performed for a short period of time. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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